Population Pharmacokinetic and Covariate Analysis of Apatinib, an Oral Tyrosine Kinase Inhibitor, in Healthy Volunteers and Patients with Solid Tumors.
Apatinib is an oral tyrosine kinase inhibitor approved in China for the treatment of patients with advanced metastatic gastric cancer. The approved dosing schedule is 850 mg once daily. The objective of this study was to develop a population pharmacokinetic (popPK) model of apatinib and determine factors that affect its pharmacokinetics. A popPK model for apatinib was developed using data from 106 individuals, including healthy volunteers and patients with malignant solid tumors. The potential influence of demographic, patient, and laboratory characteristics on oral apatinib pharmacokinetics were investigated in a covariate analysis. The extent of the impact of significant covariates on the exposure of apatinib was evaluated using simulations. The final popPK model was a two-compartment model with mixed first- and zero-order absorption and first-order elimination. The population estimates of apparent clearance (CL/F) and apparent volume at steady-state were 57.8 L/h and 112.5 L, respectively. The non-linear dose proportionality in apatinib relative bioavailability was characterized by a sigmoidal maximum effect (E max) equation wherein the midpoint dose for the decrease in bioavailability was 766 mg. Patients with advanced gastric cancer exhibited lower bioavailability. Cancer patients in general had lower CL/F than healthy volunteers. Simulation results indicated that apatinib exposure in various population groups were impacted by disease and laboratory characteristics. The increase in apatinib exposure was less than proportional to dose. The pharmacokinetics of apatinib in gastric cancer patients were significantly different from those in patients with other cancer types. Dosing of apatinib in various cancer subpopulations may require adjustments to optimize efficacy and benefits to patients.